While the clinical syndrome of melanoma was described during the nineteenth century, the pathology, aetiology and classification of the tumour remained controversial well into the twentieth. For instance, the debate about the type of tumour, its aetiology, classification and the relationship between pigmented moles and melanoma were common. This debate was widely regarded as settled by the 1960s, and we are now accustomed to think of melanoma as a single pathological and aetiological entity, with a number of possible clinical manifestations. A number of systems of classification are in common use. We may classify by site. So melanoma may occur on the skin (cutaneous), on the palms, soles and under the nails (acral) or on mucosal surfaces (mucosal). We may classify by tumour morphology -so tumours may be superficial spreading or nodular. Or we may classify by combinations of site and morphology.
Introduction
What's the point of this paper? It is to suggest, first, that disease classification should not be solely the concern of the philosopher or medical researcher, but is of real clinical importance in day to day medical practice. I'll outline how current melanoma classifications are deficient for such clinical purposes, and suggest that these failures result from a lack of consideration of causal factors. Finally, I'll suggest that a new group of classifications which make use of causal thinking appear likely to resolve some of these empirical problems, and I'll make some philosophical remarks detailing why I feel entitled to be optimistic about them.
To do this, I'll give a brief history of melanoma, and describe some attempts at classification. I'll then move on to discuss intimate relationship between causation, classification and the methodology of biomedical research programmes. §1: Melanoma causation So what is melanoma? It is a common malignant tumour of the melanin-containing cells of the skin. Its incidence varies geographically, from 5 to 40 cases per 100 000 population per year [Marks, 2000: 460] . This incidence is steadily increasing in many parts of the world, suggesting that current public health interventions are not working well.
Unlike most other skin cancers 1 the prognosis is fairly dismal, with an overall case fatality rate of about 20% *Marks, 2000: 460+. However, as I'll discuss at some length later, this rate varies heavily depending upon features of the particular tumour in question. It is, in general, extremely hard to predict just which tumours are likely to do well, and those which are likely to lead to the death of the patient. 2 What causes melanoma? The broadest answer, found in material such as health promotion literature, is that exposure to UV radiation -primarily sun exposure during tanning -is the main cause of melanoma. For instance, the Cancer Council Australian website states:
"Melanoma risk increases with exposure to UV radiation, particularly with episodes of sunburn, Also at risk are people who have: increased numbers of unusual moles (dysplastic naevi); depressed immune systems; a family history (in 10%, some having mutations in genes CDKN2A and CDK4); fair skin and; had a previous melanoma."
[http://www.cancer.org.au/aboutcancer/cancertypes/melanoma.htm]
That suggests that, for most 'normal' people developing melanoma, it is sun exposure that is doing most of the causing. But there's also a suggestion of a more complex situation. A more nuanced reading of the causes also largely supports the important causal role of sunlight. For instance, in a review of the epidemiology of the tumour [Marks, 2000: 461-3 ] the combined influence of constitutional and environmental factors is discussed. Constitutional risk factors include fair skin, number of moles (melanocytic naevi), tendency to freckle, family history of melanoma or atypical naevi, Xeroderma pigmentosa and increasing age. The main environmental factor is sun exposure, with no clear pattern of risk from other purported risk factors, including sunlamp use (either UVA 320-400nm or UVB 290-320nm), smoking, hair dyes, fluorescent lighting, HRT or stress. Sunscreen use seems to positively correlate with melanoma risk, but the research is heavily confounded and controversial [see, e.g. Garland et al, 1992; Williams, 2003: 287ff] The causal relationship between melanoma and sun exposure is interestingly complex. While outdoor workers have very high total sun exposure, and correspondingly high incidence of nonmelanoma skin cancers, they have much lower incidence of melanoma than indoor workers. This suggests that episodic sun exposure is more important than continual. The ratio between types of sun exposure also seems to determine the type of melanoma that develops -that is, different types of melanoma appear to be caused by different forms of sun exposure.
This complex situation is found in the research literature. There seem to be a group of complex responses to sun exposure. As Curtin et al [2005] point out, there appear to be different mutations in different melanoma types. Added to the recent reviews of the genetic pathogenesis of the condition [Kuphal and Bosserhoff, 2009, for example] , it appears there a complex set of environmental and constitutional factors are required to cause melanoma. These do not necessarily correlate well with the recorded types of sun exposure -e.g. cutaneous non-sun damage melanoma show high frequencies of BRAF/N-RAS mutations while other forms of non-sun damage melanoma, notably acral and mucosal, tend to show mutations in the CDK4 (cyclin-dependent kinase 4)or CCND1 (cyclin D1) pathways. All this suggests that the mucosal, chronic sun exposure, non-sun and acral forms of melanoma have distinct aetiological and pathological features, and much ongoing work is directed in figuring out how deep the divisions between subtypes of melanoma go.
This difference in the nature of causal factors as found in the different literatures is, I suppose, to be expected. We would not expect general health promotion advice, broad-scope research reviews and cutting-edge laboratory research to approach their audiences in the same way. But I suspect that in this particular case, this conflict is a symptom of a more profound problem grounded in the nature of melanoma classification. These difficulties have, in part, led to difficulties with determining, exploiting and explaining causation. This affects research into both aetiology and management. I also suspect that the business of classification itself has been damaged by upstream, earlier attempts at classification and its impact on aetiological and therapeutic research. This circularity means that it is not easy to cleanly unpick this problem. But I hope that I can lay out its broad structure in the following pages. §2: The history of melanoma, and its classification
The initial modern descriptions of the disease dates from the work of Laennec [1806; see also Denkler and Johnson, 1999] , with the first English description of the tumour in 1820 by Norris [Norris, 1820; see also Handley, 1907a : 933+. The term 'melanoma' was first used by Carswell [1838] . We have good evidence, though, that people were developing melanoma long before the nineteenth century. For example pigmented skin tumours were described in the Hippocratic corpus during the 5th CBE, and evidence of metastatic melanoma has also been found in human remains dating from a similar period [Urteaga and Pack, 1966] . [Rolleston, 1899 [Rolleston, : 1273 So the clinical appearance, natural history, progression, complications and diagnostic tests of the disease are so familiar to the author -and hopefully his audience in a general medical journal -that they need no justification. But when he considers the aetiology of the condition, there are strikingly differences from the modern conception. For instance, the author suggests that most of these tumours arise in the eye, and originate rarely in the skin. This is the reverse of current opinion. There was a further debate on the origins of melanoma:
" [Rolleston, 1899 [Rolleston, : 1274 This was controversial. Clarkson [1899] argues that Rolleston misses the significance of the causation of the tumour:
"One cannot, however, help being struck by the fact that though he has carefully summarised the present state of our knowledge of the subject of primary pigmented tumours the most important links of the chain are yet wanting and really very little is definitely known of their true nature." [Clarkson, 1899] In general, the clinical syndrome was well described during the second half of the nineteenth century, while the pathology, aetiology and classification of the tumour remained controversial well into the twentieth. For instance, the sarcomata/carcinomata question raised above persisted into the mid-twentieth century as a therapeutic and aetiological dispute [Anon., 1939] . There were also questions about the relationship between pigmented moles and melanoma [Handley, 1907b] , pathological versus clinical classification [Anon., 1939] and features of early malignancy in moles [Grey-Turner, 1939] .
So how have melanomas been classified? 3 We are generally accustomed to think of melanoma as a single pathological entity, with a number of possible clinical manifestations which share a broadly common aetiology. Taken from the mid-1960s, where the clinopathological entity of melanoma really began to assume its modern form, there have been five main forms of classification:
1. No classification. For example, Ackerman [1980] Two short examples: First, the cutaneous / acral / nodular / lentigo system, an example of classification by gross morphology, based on Clark II (see appendix). This derives from Clark et al [1969] and McGovern [1973] . Tumours may occur on the skin -meaning face, trunk, back and legs in particular (cutaneous). They may occur on the palms, soles and under the nails (acral). They may be nodularmeaning that the invasive tumour forms a lump on the skin, rather than appearing to spread through normal skin. Or they may be lentigo maligna -a flattened, non-invasive form of melanoma.
Second, the mucosal / acral / cutaneous / cutaneous with signs of chronic sun damage system. Again, this is a classification by gross morphology. Annoyingly, I've been unable to find a good citation for the origin of this system. But it's in widespread use -for instance, Curtin et al, 2005 initially partition their trial population using it. This sub-classifies cutaneous tumours into those that arising from skin with signs of chronic sun damage, and those that do not. It also adds the classification of mucosal melanoma, which is a melanoma that originates on a mucosal surfacesuch as inside the mouth.
At the outset, I think it's worth highlighting one major feature of melanoma classification -that these systems of classification have proven rather unstable. Newly introduced classifications have tended to be taken up and dropped from use very quickly. There are a couple of exceptions -the Clark level and the Breslow depth in particular -but the general impression is one of transience.
The later classifications tend to be more complex than the earlier ones -with exceptions such as the aetiological classifications, which at the moment tend only to pick out single (or very small numbers, anyway) of genetic changes as targets for dividing their classifications.
These classifications tend not to work very well. This applies not only to the primary purposes of classification in medicine -something that I'll discuss in the next section -but they are also fairly unsatisfactory in their ability to partition without question-begging. So, for example, there are many tumours that are not easy to cleanly classify using these systems. Further, some of the features used as classificatory markers appear suspiciously circular. For instance, dividing lentigo maligna from nodular melanoma seems to require the classifying clinician to make a call of judgement. Part of this problem may also be connected to the short lifespan of classifications -something noted by BenPorat et al [2006] with the introduction of AJCC in 2002.
I will also suggest that a common theme to these systems is the monistic tack taken by many of the authors. Useful past attempts at classification are not added to. Rather, they are replaced, or at best modified and subsumed into an altogether novel system. There are some apparent exceptions (e.g. Breslow thickness, Clark level). But here it is to be remembered that this does not constitute retention of the former system. Rather, this is the beneficent naming of a new subcomponent of the novel system of classification that shares some features with full-blown classificatory systems of the past. Take the example of the Breslow depth. This scheme originates in Breslow [et al, 1970] and persists in, for example, the AJCC 2002 system. But those retained features are not the same as the Breslow's original system of classification -the depths have changed (see appendix). §3: Types and purposes of classification What is all this classification for? In order to deal with that, I first need to distinguish general systems of classification from those used specifically for staging and grading tumours.
Staging is generally used as a tool to assess disease progression in a single case, or to easily select and describe trial populations. Staging systems are generally arranged along the TNM lines common to many types of malignant disease. This involves giving a numerical grade for T, the tumour stage (diameter or thickness, for example), for N, the nature of the disease in lymph nodes (so 0 -no nodal involvement, 1, some nodal involvement, 2, regional nodal involvement) and for M, the degree, if any, of metastasis seen. The outcome of a classification can then be recorded as a three figures shorthand indication of the state of the disease. So a person might be T1N0M0, or T3N1M1. Groups of TxNxMx can then be aggregated to give a single figure staging result 0-IV (see appendix). This gives clinicians a useful shorthand tool to discuss the progression of a particular case of a tumour, or for researchers to pick trial subjects at a particular disease stage. The AJCC scheme is an example of a staging system.
But staging doesn't say very much about the cytological nature of the tumour itself. Grading, on the other hand, does. This is a specialist histopathological tool, which involves describing the appearance of tumour cells under the microscope. Relatively normal looking tumour cells are said to be low grade, while highly abnormal looking cells are high grade. In general terms, the higher the grade, the faster the tumour will grow. This is used for prognosis predictions and for therapy selection. One reason that I haven't given examples of grading systems is that the gross morphological classifications are often taken as simple indicators of tumour grade. For example, lentigo maligna tend to be lower grade than superficial spreading melanomas. I can see three main purposes, which partially overlap with those of stage and grade. The first is classification for epidemiological data-collection for the purposes of finding out melanoma aetiology. As we discussed above, different forms of melanoma appear to have different aetiologies, particularly with regard to the nature of sun exposure. Thus several classifications consider markers of sun exposure -such as primary tumour site or signs of sun-damage on surrounding skin -as important classificatory features. Thus the causal importance of sun exposure can be estimated from tumour type, given a classification that uses sun markers as classificatory features.
But this appears problematic in practice because of the habit of thinking about risk factors, 4 rather than causes. Part of the importance of systems of classification in data-collection is to organise attempts to digest complex risk factors into specific causal factors. For instance, researchers have tried to isolate the specific bit of sun-bathing that results in melanoma, by for instance looking at melanoma rates in habitual users of artificially generated UV light. This sharpening of risk into causal factors has much in common with the literature on mechanisms, in particular that on mechanism construction [e.g. Craver, 2007] for instance opening 'black boxes' -figuring out the specific mechanistic steps that constitute an identified risk factor. I don't have the space to develop this theme as I would like, but I might suggest that the factors identified by Marks [2000] are firmly in the risk factor camp, and have both complex natures (e.g. outdoor worker) and complex relationships with one another (e.g. freckling and sun exposure).
The second is for prediction, especially for prognostic purposes. So for instance metastatic tumours have a much worse prognosis in terms of survival than localised ones. Most of the classifications take some consideration of the extent of the tumour. This allows data collection about survival for a particular tumour spread, and thus decisions about prognosis can be made for the individual case. Staging systems are important examples of classifications designed to deal with prognosis.
The third is as a guide to therapy. Different types of tumour (not to mention different grades and stages) require different treatments. So this third purpose of classification is in some ways parasitic on data-collection and prognosis. But there are areas where it is an independent purpose. Take the case of specific targeted treatment -for instance, the use of imatinib in c-KIT -which I'll talk about in §4.
As can be seen from this short outline, the various tasks that classifications serve are intimately linked. The classification used to do aetiology will carry over into trials of treatment. From here, they will be used to assess prognosis and outcomes. Without some epistemically grounding, unhelpful features used to construct classifications may propagate endlessly. That is, I suspect our classifications may fail silently. Heterogeneity within treatment outcomes may not be apparent if we cannot describe what it is that distinguishes cases. Similarly, features that would be useful in classification may be neglected. See e.g. Anonymous, 1965 for an early description of the confusion that can result.
Some have argued for strongly unificatory classifications of melanoma -that is, to give up on intramelanoma classification altogether. I have to strongly disagree with this point. I think that the rewards of classification are worth all the conceptual and empirical bother. In fact, it appears to me that the (recorded) differences between types of melanoma have already suggested the possibility of a better classificatory system that those in wide-spread clinical use. That is a system of classification based around causes. §4: Therapeutics and causation How well do current classifications work? Not well. Current melanoma outcomes vary -by most of the systems of classification listed above. But in general they are not impressive. While about 80% of small, thin, localised melanomas can be cured surgically, by far the commonest outcome of metastatic disease is death. Overall, 5 year survival is about 5-10%. I have no idea just how much these outcomes are influenced by classificatory confusion. But I'll give an example which demonstrates the plausibility of current classification causing harms.
Typically, expected improvements in outcomes are modest for new melanoma treatments. Trials of new agents are set up to typically detect single-figure movements in outcome markers. Very often these modest aims are not met. Take c-KIT mutation. This mutation is not found in intermittent-sunexposure melanoma. Only about 30% of (largely mucosal, acral and chronic-sun exposure) melanomas express c-KIT [Natali et al, 1992 ]. An agent that blocks the c-KIT pathway -imatinib -is widely available as a treatment for leukaemia. This agent has been shown to work in case reports [e.g. Hodi et al, 2008; Lutzky, Bauer and Bastian, 2008] , and it seems likely that it will be successful in clinical trials as a treatment for this specific sub-set of the disease.
Yet imatinib has been previously ruled out as a useful therapeutic agent, with significant reported toxicity but no effect [Wyman et al, 2006] . But here classification rears. This study took patients without selecting by tumour genetics. As by far the majority of melanomas do not express c-KIT, it therefore seems likely that the negative results of this trials (survival or time to progression) can be explained in terms of classification -or, at least, that any definitively negative result must wait for trials looking at the population likely to benefit from the treatment. Put another way, it could well be the case that we have an instance of Simpson's paradox occurring here, and much different treatment outcomes for one study group if the data were partitioned by c-KIT status. As it is, any likely improvement due to imatinib is likely to be swallowed by the much larger group of c-KIT negative subjects who have effectively received placebo. We may, in this case, be missing out on a useful treatment just because the system of classification in use fails to cut at the most appropriate joints. Luckily for us, new trials of imatinib are currently in progress using just this methodology.
How can we evade this sort of situation? Rather than classifying on the grounds of plausible (or confirmed) risk factors, macroscopic tumour features, histology etc, I suggest that we should cut to the chase, and classify based on specific causes, as is already beginning to happen [Curtin et al, 2005] in practice. But how and why is this likely to help? §5: Exploiting causal relationships in the melanoma case "...once the driving genetic alterations of a melanoma are known and effective drugs are available to counteract them, strong and immediate responses can be expected." [Lutzky, Bauer and Bastian, 2008: 493] How does introducing a causal classification improve melanoma classification? First, we evade the circularity that occurs in current classifications. No longer would the only tests of classification systems be trials that rely on the same systems. Instead epidemiologic and therapeutic research could be supported by laboratory science in a more visible manner
We expect causal relationships to be more robust and generalisable than non-causal correlations. Thus, we should expect better treatments to become available, partly through improvements in testing them. 5 If we can do our epidemiological research using a causal classification, we should expect our therapeutic trials that rely on the same causal features to test their new treatments to give more reliable results. That is to say that we should expect not to miss positive results (as potentially happens in the c-KIT case). We should expect similar benefits in prognosis research.
Finding causes is also likely to lead to benefits in epidemiology. Once some causal factors are understood, the current mess of interdependent, complex risk factors becomes more amenable to analysis.
Finally, the heuristic of 'hunt causes' is beneficial in itself, even if we do not actually discover specific causes. For one, a sense of dissatisfaction with risk factors suggests which areas we should focus our investigative efforts on. For another, failing systems of classification can no longer do so silently. In the current situation, most classifications of primary tumours have plenty of 'wiggle-room' -that is, we can force tumours into one or other category, even if they do not really belong there. This is generally talked about as operator dependency. But classifications based on specific, dichotomous causal factors are much less prone to this sort of creep. Instead, classificatory problems are highlighted, rather than glossed-over.
But there are of course difficulties with this approach. For one, finding causal factors from risk factors is incredibly hard. Knowing, and being certain that you know, the significant, differencemaking cause even more so.
Some notion is required of specific causation so that we know that we are dealing with causal, as opposed to risk, factors. For instance, what is it that makes sun-bathing a risk factor, but exposure to a particular wavelength radiation at particular intensity for particular time a causal factor? Why was the nineteenth century debate over the sarcomatous or carcinomatous origin of melanoma not the sort of cause that we need to do this work? These are questions I cannot answer here, although I suspect that a strongly reductive view of causation is unlikely to be helpful here.
Finally, finding a cause does not guarantee good results. We cannot expect that finding a single cause will utterly revolutionise melanoma classifications. The same classifications are popular now, even though we know about c-KIT, BRAF and so on.
In conclusion, a demand for an instant shift to all-causal classifications is daft. Perhaps the answer, unlike many previous classifiers, is to be more pluralistic. A causal system is compatible with the useful features of classifications in use. In particular, staging and grading systems can -relatively easily -be adapted to employ causal factors, rather than risk factors or tumour features. This means that we have no need to rewire all existing classifications to introduce this new system -something that appears to have been a problem with previous attempts at classification. Causal classifications are highly compatible with pluralism.
Grading and staging fit well into a Dupré-type promiscuous realism. He suggests that multiple systems of classification may happily co-exist. Speaking of the tendency of distinct groups to classify the same objects differently: ".. But I don't think we can make the case that all these systems of classification would fit equally well into such a conception. I'd suggest that this does not mean that all these systems of classification are equally good, nor should we believe that each of them cuts nearest to the joints. In fact the variable nature of predictive success for these systems is startling. Given the empirical results of these systems of classification, the current arrangements suggest that we are not cutting nature's joints. Rather we are aimlessly hacking into a pulp.
I want to suggest that the classification based on causation within a pluralistic framework is the best way to proceed. Even if attempts to classify causally are unsuccessful, the strategy of attempting a causal classification is an excellent way to proceed to better healthcare outcomes.
American Joint Committee on Cancer Staging System for Cutaneous Melanoma (AJCC) 1988 , 1992 , 2002 [Greene et al. 2006 This is a combination scheme, primarily used for staging. It combines the features of the primary tumour (Clark level, Breslow depth and presence or absence of ulceration) with features of lymph nodes and distant metastases.
Tumours are classified as TxNxMx. Particular groups of TNM are then combined to give stage 0-IV. For instance, stage IIa is T2bN0M0, T2bN0M0, with a 5 year survival of 77-79%. 
